Introduction
Pressure ulcers are associated with pain, distress and increased mortality, 1,2 they may also add significantly to the costs of health care. 3 In a review of patient safety incidents from intensive care submitted to the UK National Patient Safety Agency (NPSA) pressure ulcers were the most common cause of patient harm described. 4 The relative immobility, poor tissue perfusion and reduced consciousness associated with critical illness mean that critically ill patients are at particular risk of pressure ulcers. [5] [6] [7] Effective interventions to reduce the incidence of pressure ulcers have been described for many years 8 and there has been significant progress in agreeing definitions and classifications for pressure ulcers 9 and in describing best practice for the prevention of pressure ulcers. 10 Within the UK, the publication of National Institute of Clinical Excellence (NICE) guidance for the reduction of pressure ulcers 10 was a significant advance. Part of this guidance required staff to report pressure ulcers as 'patient safety incidents' so that trends in the incidence of ulcers could be reviewed; these reports were collected in England and Wales by the NPSA. Unfortunately the classification system used to analyse incidents did not explicitly report rates of pressure ulcers or provide information about the types of pressure ulcer described, so that the extent of problems associated with ulcers remained unclear.
In 2004 the UK Department of Health reviewed previously published work that suggested that bundling a number of evidence-based interventions into a single bundle of care could significantly improve the application of best care. They published guidance recommending the application of a bundle approach to applying guidelines; 11 this approach has been extensively used in the successful reduction of nosocomial infections in intensive care. 12, 13 The three critical care networks in the North West of England developed a 'skin care' bundle to ensure best practice in pressure ulcer prevention; 14 this was introduced to intensive care units in the region at the start of 2012. We describe how the incidence of pressure ulcers, reported using incident reports, changed in units in the region around the time of the implementation project.
Methods

Care bundle development
A working group was established, bringing together intensive care and tissue viability nurses, dieticians and clinical educators from across the North West of England. The group, with guidance from AQuA, the North West Advancing Quality Alliance, 15 identified objectives to reduce the risk and incidence of pressure ulcer acquisition in the intensive care environment and to eradicate all category three and four ulcers 9 acquired in intensive care, where they were demonstrated to be avoidable.
The group developed a Critical Care Skin Bundle using a modification of the Department of Health 'High Impact Intervention toolkit', 16 which was designed to measure the compliance with a bundle of interventions. Staff were already familiar with this concept, having used bundles in monitoring controls for prevention of healthcare-associated infections. The bundle used evidence-based guidance, expert advice and national policy and followed established skin bundle formats, focusing on four key areas of practice: the skin surface interface, patient positioning, incontinence and skin management, and improved nutrition. Underlying principles to underpin these key areas were described in the bundle along with details of required elements of care. 14 The skin bundle was introduced across North West England in the first part of 2012, together with an exercise to raise awareness across the critical care networks to highlight the importance of having good pressure ulcer prevention and management strategies. These interventions were indirectly supported by a number of national initiatives such as the NHS Safety Thermometer 17 and the introduction of Commissioning for Quality and Innovation (CQUINs) 18 to incentivise harmfree care that encouraged senior staff within hospital Trusts to support the introduction of the skin bundle interventions.
Measurement of the intervention
Patient safety incidents (incidents) were reported by staff from 30 intensive care units in the North West of England between 2009 and 2012. The staff used commercial incident reporting software to record a free text description of the incident and to provide a classification of the incident. The incidents were then usually reviewed by a senior member of the medical or nursing staff in the unit who could add a manager' s report with some background to the incident. The electronic details of the incidents, together with any manager' s report, the classification and the date the incident was reported were all stored by hospital Trusts for submission to the UK National Reporting and Learning System (NRLS).
The intensive care units provided us with Excel spreadsheets that contained the free text incident reports as well as any available manager' s reports; the original classifications were not used. The units also provided us with annual reports of their ways of working and clinical activity. The Excel™ (Microsoft, Redmond, Washington, USA) spreadsheets were imported into an Access database that presented the text of the incident and manager' s report and allowed a classifier to place the incident into one or more of a number of main incident groups, including 'pressure ulcer or other non-surgical iatrogenic wound'. The incidents in this pressure ulcer group were also classed by the category (grade) of ulcer and the body position and by the stage in the patient journey where the ulcer was identified (admission, during stay, or at the point of transfer). The grading was established by either using the category described in the report or, if a description of the ulcer was provided, by fitting this to the European Pressure Ulcer Advisory Panel grading system; 9 up to three ulcers or other wounds could be recorded for admission, during intensive care stay, or identified at intensive care discharge. Treatment factors or patient factors described in the reports were also recorded as were any medical devices that were associated with the development of the ulcer. The whole classification process was described in detail on the UK Intensive Care Society (ICS) website 19 and the parts of the system used in this review are summarised in Table 1 .
The classification was either carried out by a senior member of staff working on the reporting unit, who then sent the completed database table to the lead investigator for checking (ten units in 2012) or the incidents were classified by the lead investigator (19 units in 2012) . Training material for classifiers was provided on the ICS website 19 and one-day courses were provided to augment this web-based training.
The classified incidents were reviewed either for individual units or, for some hospital Trusts, the units were combined for analysis either due to problems of separating out the data or because this is how those units asked for their first feedback reports. The number of units submitting reports increased between 2009 (16 units) and 2012 (29 units); all the original 16 units reported for the whole four years of the study.
The rate of pressure ulcer incident reports per 1,000 patient days was calculated from the number of patient days as defined by the UK Department of Health minimum data set for critical care. 20 For incidents submitted during 2012, the relationship between pressure ulcer reporting rates and rates of all incident reports, and between rates of incidents describing ulcers on admission (per 1,000 admissions) and during intensive care stay were established by the calculation of correlation coefficients. Statistical significance was determined using Spearman rank tests; this was also used to explore the relation between pressure ulcer incident reporting rates and mortality rates, mortality being chosen as a crude surrogate for severity of illness. The significance of differences in body distribution of ulcers was determined using Chi square tests. To determine if the skin bundle had reduced the number of pressure ulcers that were likely to have been influenced by improved patient positioning and the use of appropriate patient surfaces, we established the rates of pressure ulcers involving the sacrum, buttocks, genitals, heels and ankles -described as 'index ulcers'; we also established the rates of other ulcers or wounds. We then determined if there were significant changes in the Pressure ulcer classification: Grade one ulcer=non blanching redness. Grade two=partial thickness skin loss or damage to epidermis±dermis abrasion, blister or shallow crater. Grade 3=full thickness skin loss damage to subcutaneous tissue but not underlying fascia. Grade 4=full thickness skin loss, with extensive necrosis extending to underlying tissue. Wound=other.
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Body areas:
Ankle or heel; arm, shoulder or hand; back, chest or abdomen; head or neck; leg, thigh, foot or hip; sacrum, buttocks or genitals; multiple sites; undefined. Table 1 Classification system used to classify pressure ulcers and other non-surgical iatrogenic wounds.
incidence of these index and other ulcers or wounds for the units that had submitted reports over the four years between 2009 and 2012 and for all the units that had submitted reports between 2011 and 2012. Where the number of ulcers were compared between different years and between university and other hospitals the comparison was made using Chi Square tests. Significance was set at the 5% level for all tests.
Results
Thirty intensive care units submitted incidents; these units covered all the NHS hospitals providing advanced level intensive care 20 within the three intensive care networks that covered the North West of England. Four units provided pooled data from a single hospital Trust and one hospital Trust provided pooled data from two intensive care units; two different Trusts provided separate incidents from two units. Units joined the reporting process, such that 16 units supplied incident reports during 2009-10, 25 during 2011 and 29 during 2012; one unit only submitted incidents during 2011.
There were 13,597 patient safety incident reports categorised over the four years (including those associated with intensive care admission), of which 3094 were classified as involving pressure ulcers. The original incident text for the pressure ulcer reports contained a median (IQR) of 159(87-271) characters per report; manager' s reports were provided in 2046 reports, these contained a median (IQR) of 167(73-397) characters.
Changes in the number of units and Trusts submitting reports, numbers of patient days and the numbers of pressure ulcer reports and all incident reports are summarised in Table 2 . Table 2 also shows the annual rates of pressure ulcer incidents identified at different stages of the patient journey and for those associated with medical devices and for 'index' pressure ulcers. The variables are shown both for all units submitting data for each year and (for the units that submitted data for all four years). The rates of all pressure ulcers changed significantly during the study such that all pressure ulcer incidents increased significantly over the four years (p<0.01); however, for the index pressure ulcers most likely to be controlled by improvements in patient care, the incidence decreased significantly (p<0.01) from 330 (3.1 per 1000 days) during 2011 to 249 (2.0 per 1000 patient days) during 2012. The reduction in rates of these ulcers varied between units such that of the 14 units that had reported ten or more of these index ulcers in 2011, five showed a more than 50% reduction, five a less significant reduction and four no reduction; all but two had an increase in other ulcers or wounds. The percentage changes in the number of index ulcers and other ulcers or wounds between 2011 and 2012 for these 14 units are shown in Figure 1 .
For incidents reporting ulcers identified on admission, 737 incident reports described a single ulcer and 111 reported more than one. For reports of intensive care ulcers, 2178 reported a single ulcer and 104 reported more than one. The distributions by body region for all ulcers identified during the intensive care stay and for those identified on admission are shown in Figure 2 . There were significantly more ulcers developing on the head and neck during intensive care (676 ulcers [28% of intensive care ulcers]) than were found on admission (77 [8% of admission ulcers]) (p<0.001). With respect to the category of ulcer, 164 admission ulcers and 366 unit ulcers could not be graded from the information provided; 615 admission ulcers and 1486 unit ulcers were category two or higher; 291 intensive care wounds were other non-pressure ulcer wounds including those associated with excoriation or moisture lesions (91), skin tears (62), other rashes or blisters (43) and fluid extravasation (17) . Where ulcers were present on admission, 188 incidents were described in patients admitted from the community, 178 from other wards, 143 from other hospitals and 90 from the operating theatre; the origin of patients in the other 249 reports was not defined. The distribution of rates of pressure ulcers for different units or Trusts submitting data for 2012 are shown in Figure 3 . The median (IQR) rate was 6.7 (2.1 to 9.9) per 1000 patient days. The rate of pressure incidents was therefore five times higher in the units at the top of the inter-quartile range than those at the bottom. We found no significant correlations between unit mortality rates as an indication of patient acuity and the rates of all pressure ulcers or index ulcers; ulcers were also no more common in university hospitals than other hospitals and were no more common in any of the three networks within the region. There was a correlation between rates of index ulcers and non-index ulcers and wounds reported in each unit (r s =0.6, p<0.001) and there was a weak but significant correlation between the number of index pressure ulcer incidents and the number of all patient safety incidents reported by each unit (r s =0.44 p=0.01); the correlation was stronger for non-index sores (r s =0.58 p=0.001). There was also a correlation between the rate of in-unit pressure ulcers and the rate of ulcers identified on admission per 1,000 admissions (r s =0.55 p=0.05).
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Patient factors were described in 396 reports (68 with more than one factor per report); the most commonly described factors were multiple organ failure (146 reports) and diarrhoea or faecal incontinence (102 reports). Treatment factors were described in 333 reports (45 with more than one factor per report); most commonly, high dose inotropes or vasopressors (122 reports) and inability to move due to instability (77 reports). Medical devices were described in 761 reports, most commonly tracheal tubes or ties (131 reports), nasogastric tubes (116 reports) and facemasks (92 reports). Device-related ulcers were associated with 78% of intensive care ulcers involving the head and neck.
Discussion
This study has several limitations. The identification of pressure ulcers relied on the ulcers being reported in patient safety incident reports. The reports did not identify the patients who developed the ulcers, so there was very little information about the specific risk factors associated with pressure ulcers and these were only described in a small number of the reports. Inability to link the reports to specific patients also meant that we could not establish any long-term consequences of the ulcers and meant that we could not be 
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Unit or hospital Trust number
Rate of pressure ulcers/other non-surgical wounds per 1,000 patient days sure that an ulcer was not reported more than once. More importantly, some ulcers will have been left unreported. When compared with other studies 5-7 the rates of pressure ulcer that we identified were comparable, although differences in definitions mean that the rates vary widely in the literature.
The observational nature of our study means that we cannot know if changes in the rates of pressure ulcers occurred as a result of the implementation of the skin bundle. The changes in rates of pressure ulcers that we observed could, however, be explained by interventions that encouraged the reporting of all pressures ulcers, explaining increased rates of reported device-associated ulcers and ulcers present at admission. At the same time the interventions may have reduced the incidence of ulcers that would be most likely to have been reduced by the bundle implementation, explaining the significant reduction in these index ulcers between 2011 and 2012 against a background of improved reporting of ulcers. This would be consistent with attempts to reduce the incidence of pressure sores in intensive care units in individual institutions. [21] [22] The very significant variation between units in the rate of pressure ulcers is presumably as a result of differences in case mix, delivery of care and differences in reporting rates. It would be surprising if a difference in case mix wholly explained the variation as there was no significant relation between mortality and rates of ulcers. The correlation between admission ulcers and unit ulcer rates could suggest a biological relationship; the case mix of patients would be more or less likely to develop ulcers before and during intensive care. This relationship could, however, also be explained by the difference in reporting rates between units, as is also suggested by the relationship between rates of pressure ulcer and other patient safety incidents. We would suggest that some of the difference in rates could be explained by differences in care delivery; the implementation of the bundle was not backed up by detailed audit that would assure us that it was uniformly adopted. There were also significant differences in the rates of reduction of index pressure ulcers between units following the bundle introduction.
Our results suggest that introducing a care bundle to prevent pressure ulcers was associated with changes in the reported rates of pressure ulcers. The results also suggest that assurance that there is a high compliance with the bundle would result in further reductions of pressure ulcers. The impact of this on patient outcomes would require the implementation to be measured in a prospective study where all patients and ulcers are clearly identified and followed up.
